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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To extend the life of the 
component parts of a fuel cell system. 

SOLUTION: The system comprises an electric conductivity 
meter 22 for monitoring the electric conductivity of cooling 
water supplied to a stack 2, an ion removal unit 23 for 
removing ions dissolved in the cooling water, a regulation 
valve 33 for regulating flow rate of cooling water flowing 
through the ion removal unit 23 based on the electric 
conductivity and a bypass line 32 connected parallel to the 
ion removal unit 23. Cooling water discharged from the stack 
2 is circulated and supplied again in the stack 2. The control 
valve 33 controls the ratio of the flow of the cooling water 
that flows in respect of the ion removal unit 23 and the 
bypass line 32. This time, the flow rate of the cooling water 
flowing in respect of the ion removal unit 23 is larger than 
that of the cooling water flowing in respect of the ion 
removal unit 23 when the electric conductivity is a second 
value that is larger than that of the first value. 




* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]A conductivity meter which supervises electrical conductivity of cooling water supplied to a 
stack, and an ion removal unit from which ion dissolved in said cooling water is removed, A control 
valve which adjusts a flow of said cooling water which flows through said ion removal unit based on 
said electrical conductivity is provided, A larger fuel cell system than a flow of said cooling water 
which flows through said ion removal unit when a flow of said cooling water which flows through said 
ion removal unit when said electrical conductivity is the 1st value is the 2nd value with said larger 
electrical conductivity than said 1st value. 

[Claim 2]A fuel cell system which circulates through said cooling water discharged from said stack in 
Claim 1, and is again supplied to a stack. 

[Claim 3]A fuel cell system which adjusts a ratio of a flow of said cooling water which possesses 
further a bypass line connected to said ion removal unit and parallel in Claim 2, and in which said 
control valve flows through said ion removal unit and said bypass line. 

[Claim 4]A fuel cell system in which said stack suspends power generation in Claim 3 when said 
electrical conductivity does not fall. 

[Claim 5]A fuel cell system which possesses further a humidifier which humidifies fuel gas supplied to 
said stack in either Claim 2 - Claim 4 using said cooling water discharged from said stack, and a 
condensator which cools water which said humidifier discharges and generates said cooling water. 
[Claim 6]A fuel cell system which suspends power generation when a conductivity meter which 
supervises electrical conductivity of cooling water, and a stack to which said cooling water is supplied 
are provided and, as for said stack, said electrical conductivity exceeds a predetermined value. 

■ 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a fuel cell system. 
[0002] 

[Description of the Prior Art]The polymer electrolyte fuel cell (PEFC) is known as one of the fuel 
cells. A polymer electrolyte fuel cell takes out electric power from fuel gas and oxidant gas using an 
ion-exchange membrane (solid polyelectrolyte membrane). It has the feature that the polymer 
electrolyte fuel cell operates at low temperature, and its energy density is high. Taking advantage of 
these features, the utilization as the source of power for movement and a small capacity power 
supply is expected from the polymer electrolyte fuel cell. 

[0003]The publicly known fuel cell system 101 shown in drawing 2 is provided with the stack 102, the 
oxidant gas system 103-1, the fuel gas system 103-2, and the cooling water system 103-3. The 
oxidant gas system 103-1 is provided with the oxidant gas feed unit 104 and the oxidant gas 
humidifier 105. The oxidant gas feed unit 104 is connected to the oxidant gas humidifier 105 via the 
oxidant gas feed pipe 106. The oxidant gas humidifier 105 is connected to the stack 102 via the 
oxidant gas feed pipe 107. The pressure regulating valve 108 is formed in the middle of the oxidant 
gas feed pipe 106. The oxidant gas blower 109 is formed in the middle of the oxidant gas feed pipe 
107. The stack 102 is connected to the oxidant gas humidifier 105 via the fuel gas exhaust pipe 110. 
[0004]The fuel gas system 103-2 is provided with the fuel gas feed unit 1 1 1 and the fuel gas 
humidifier 112. The fuel gas feed unit 1 1 1 is connected to the fuel gas humidifier 1 12 via the fuel gas 
supply pipe 113. The fuel gas humidifier 112 is connected to the stack 102 via the fuel gas supply 
pipe 114. The pressure regulating valve 115 is formed in the middle of the fuel gas supply pipe 113. 
The fuel gas blower 116 is formed in the middle of the fuel gas supply pipe 114. The stack 102 is 
connected to the fuel gas humidifier 112 via the fuel gas exhaust pipe 117. 

[0005]The cooling water system 103-3 is provided with the condensator 121. The fuel gas humidifier 
112 is connected to the condensator 121 via the cooling water supply pipe 125. The condensator 121 
is connected to the stack 102 via the cooling water supply pipe 126. The circulating water pump 131 
is formed in the middle of the cooling water supply pipe 125. The stack 102 is connected to the fuel 
gas humidifier 112 via the cooling water discharge pipe 134. 

[0006]Hereafter, operation of the publicly known fuel cell system 101 is explained. The oxidant gas 
feed unit 104 supplies oxidant gas to the oxidant gas humidifier 105. Oxygen and air are illustrated as 
oxidant gas. The pressure regulating valve 108 adjusts the flow of the oxidant gas which passes 106 
between oxidant gas supplies. The oxidant gas humidifier 105 humidifies oxidant gas, and supplies it to 
the stack 102. The oxidant gas blower 109 is ordinary pressure, or oxidant gas is pressurized and it 
carries out a supplied air to the stack 102. 

[0007]The fuel gas feed unit 1 1 1 supplies fuel gas to the fuel gas humidifier 1 12. As fuel gas, 
hydrogen and methane (when supplying methane and town gas, refining mind is installed in the fuel 
gas supply pipe 113) are illustrated. The pressure regulating valve 115 adjusts the pressure of the 
fuel gas which passes the fuel gas charging line 113. The fuel gas humidifier 1 12 humidifies fuel gas, 
and supplies it to the stack 102. The fuel gas blower 116 is ordinary pressure, or fuel gas is 
pressurized and it carries out a supplied air to the stack 102. 

[0008]The stack 102 generates electricity by making the oxidant gas and fuel gas which were 
supplied react electrochemically. The stack 102 has the structure where solid polyelectrolyte 
membrane was pinched by two catalyzer electrodes. As a catalyzer electrode, platinum is used, for 
example. Fuel gas is supplied to one side of the catalyzer electrodes, and oxidant gas is supplied to 
another side. The catalyzer electrode in which fuel gas is supplied generates a hydrogen ion from fuel 
gas. A hydrogen ion is conveyed to the catalyzer electrode in which oxidant gas is supplied via solid 



polyelectrolyte membrane. In the catalyzer electrode to which oxidant gas is supplied, a hydrogen ion 
and oxidant gas carry out a chemical reaction, and water is generated. In the process which such a 
chemical reaction generates, electromotive force occurs between two catalyzer electrodes, and it is 
taken out as electric power. 

[0009]The stack 102 discharges the oxidant gas of the emainder which is not used for power 
generation to the oxidant gas exhaust pipe 110. The oxidant gas exhaust pipe 110 returns the 
discharged oxidant gas to the oxidant gas humidifier 105. The oxidant gas humidifier 105 supplies the 
returned oxidant gas to the stack 102 again. 

[0010]Furthermore, the stack 102 discharges the fuel gas of the emainder which is not used for 
power generation to the fuel gas exhaust pipe 117. The fuel gas exhaust pipe 1 1 7 returns the 
discharged fuel gas to the fuel gas humidifier 112. The fuel gas humidifier 112 supplies the returned 
fuel gas to the stack 102 again. The fuel gas humidifier 112 supplies cooling water to the circulating 
water pump 131. The circulating water pump 131 is ordinary pressure, or pressurizes the supplied 
cooling water, and sends it to the condensator 121. The condensator 121 cools cooling water and 
supplies it to the stack 2. 

[001 1]When the stack 102 generates electricity, and oxidant gas and fuel gas carry out a chemical 

reaction, it generates heat. The generated heat is told to the cooling water supplied to the stack 102, 

and the stack 102 is cooled. Warm water is generated by telling heat to cooling water. The warm 

water is supplied to the fuel gas humidifier 112 via the cooling water discharge pipe 134. 

[0012]In such a fuel cell system 101, the cooling water through which it circulates is eluted from the 

metal used for the channel in ion, and electrical conductivity increases it. The cooling water with 

large electrical conductivity makes metal corrode. This corrosion carries out ephemeralization of the 

life of the stack 102 of the fuel cell system 101. A fuel cell system with a long lasting stack is 

desired. 

[0013] 

[Problem to be solved by the invention]There is SUBJECT of this invention in providing the fuel cell 
system which makes component parts prolongation-of-life-ize. There is other SUBJECT of this 
invention in providing the fuel cell system which makes a stack prolongation-of-life-ize. There is 
SUBJECT of further others of this invention in providing the fuel cell system which makes ion- 
exchange resin prolongation— ofHife-ize. 
[0014] 

[Means for solving problem]The The means for solving a technical problem is expressed as follows. 
The account of ** of a number, the sign, etc. is carried out to the technical matter which appears 
during the expression with parenthesis 0. The technical matter from which the number, a sign, etc. 
constitute the plurality and form of enforcement of this invention, at least one embodiment in two or 
more embodiments, or two or more embodiments, It is in agreement with a reference number, a 
reference designator, etc. which are given to the technical matter currently especially expressed by 
the Drawings corresponding to the embodiment or embodiment. Such a reference number and the 
reference designator clarify correspondence and mediation with the technical matter of a technical 
matter given in a claim, an embodiment, or an embodiment Such correspondence and mediation do 
not mean what a technical matter given in a claim is limited to the technical matter of an embodiment 
or an embodiment, and interprets. 

[0015]The fuel cell system (1) by this invention is provided with the following. 

The conductivity meter (22) which supervises the electrical conductivity of the cooling water supplied 
to a stack (2). 

The ion removal unit (23) from which the ion dissolved in cooling water is removed. 

The control valve (33) which adjusts the flow of the cooling water which flows through an ion removal 

unit (23) based on electrical conductivity. 

The flow of the cooling water which flows through an ion removal unit (23) when electrical 
conductivity is the 1st value is larger than the flow of the cooling water which flows through an ion 
removal unit (23), when electrical conductivity is the 2nd larger value than the 1st value. An ion 
removal unit (23) reduces the electrical conductivity of cooling water by removing the ion dissolved in 
cooling water. The fall of this electrical conductivity prevents the corrosion of the metal part which 
cooling water contacts. A control valve (33) makes an ion removal unit (23) prolongation-of-life-ize 
by always not operating an ion removal unit (23). 

[0016]It circulates through the cooling water discharged from a stack (2), and it is again supplied to a 
stack (2). As for the fuel cell system (1) by this invention, being applied when cooling water circulates 
is preferred. 

[0017]The fuel cell system (1) possesses further the bypass line (32) connected in parallel with an ion 



removal unit (23). A control valve (33) adjusts the ratio of the flow of an ion removal unit (23) and the 
cooling water which flows through a bypass line (32). The cooling water supplied to a stack (2) 
contains the cooling water which passes not only the cooling water from which ion was removed with 
the ion removal unit (23) but a bypass line (32). As for cooling water, a constant rate can be supplied 
to a stack (2) by this regulation. As for a stack (2), when electrical conductivity does not fall, it is 
preferred to suspend power generation. 

[001 8]A fuel cell system (1) by this invention possesses further a humidifier (12) which humidifies fuel 
gas supplied to a stack (2) using cooling water discharged from a stack (2), and a condensator (21) 
which cools water which a humidifier (12) discharges and generates cooling water. As for a fuel cell 
system (1) by this invention, it is preferred to be applied when circulating to cooling water using 
water which cooling water is used for humidification of fuel gas, and a humidifier (12) discharges. 
[001 9]A fuel cell system (1) by this invention is provided with the following. 
A conductivity meter (22) which supervises electrical conductivity of cooling water. 
A stack (2) to which cooling water is supplied. 

A stack (2) suspends power generation, when electrical conductivity exceeds a predetermined value. 
By stop of this electric power, cooling water with large electrical conductivity prevents corroding a 
metal part. 
[0020] 

[Mode for carrying out the invention]With reference to Drawings, an embodiment of a fuel cell system 
by this invention is described. The fuel cell system 1 is provided with the stack 2, the oxidant gas 
system 3-1, the fuel gas system 3-2, and the cooling water system 3-3 as shown in drawing 1 . The 
oxidant gas system 3 is provided with the oxidant gas feed unit 4 and the oxidant gas humidifier 5. 
The oxidant gas feed unit 4 is connected to the oxidant gas humidifier 5 via the oxidant gas feed pipe 
6. The oxidant gas humidifier 5 is connected to the stack 2 via the oxidant gas feed pipe 7. The 
pressure regulating valve 8 is formed in the middle of the oxidant gas feed pipe 6. The oxidant gas 
blower 9 is formed in the middle of the oxidant gas feed pipe 7. The stack 2 is connected to the 
oxidant gas humidifier 5 via the fuel gas exhaust pipe 10. 

[0021]The fuel gas system 3-2 is provided with the fuel gas feed unit 1 1 and the fuel gas humidifier 

12. The fuel gas feed unit 11 is connected to the fuel gas humidifier 12 via the fuel gas supply pipe 

13. The fuel gas humidifier 12 is connected to the stack 2 via the fuel gas supply pipe 14. The 
pressure regulating valve 15 is formed in the middle of the fuel gas supply pipe 13. The fuel gas 
blower 16 is formed in the middle of the fuel gas supply pipe 14. The stack 2 is connected to the fuel 
gas humidifier 12 via the fuel gas exhaust pipe 17. 

[0022]The cooling water system 3-3 is further provided with the condensator 21, conductivity 22 [ a 
total of], and the ion-exchange resin tub 23. The fuel gas humidifier 12 is connected to the 
condensator 21 via the cooling water supply pipe 25. The condensator 21 is connected to the ion- 
exchange resin tub 23 via the cooling water supply pipe 26. The ion-exchange resin tub 23 is 
connected to the stack 2 via the cooling water supply pipe 27. The circulating water pump 31 is 
formed in the middle of the cooling water supply pipe 25. Conductivity 22 [ a total of ] is formed in 
the middle of the cooling water supply pipe 26. Electrical conductivity of cooling water which flows 
through conductivity a total of 22 cooling water supply pipes 26 is measured. The bypass line 32 is 
interposed between the cooling water supply pipe 26 and the cooling water supply pipe 27. Namely, 
the bypass line 32 is connected in parallel with the ion-exchange resin tub 23. The control valve 33 is 
formed in the middle of the bypass line 32. The stack 2 is connected to the fuel gas humidifier 12 via 
the cooling water discharge pipe 34. 

[0023]The fuel cell system 1 is further provided with the control section 35. It is connected to 
conductivity a total of 22 control sections 35, and the control section 35 is connected to the control 
valve 33. The control section 35 is a computer and adjusts opening and closing of the control valve 
33 based on electrical conductivity measured by conductivity 22 [ a total of ]. 

[0024]Hereafter, operation of the fuel cell system 1 by this invention is explained. The oxidant gas 
feed unit 4 supplies oxidant gas to the oxidant gas humidifier 5. Oxygen and air are illustrated as 
oxidant gas. The pressure regulating valve 8 adjusts a flow of oxidant gas which passes six between 
oxidant gas supplies. The oxidant gas humidifier 5 humidifies oxidant gas, and supplies it to the stack 
2. The oxidant gas blower 9 is ordinary pressure, or oxidant gas is pressurized and it supplies it to the 
stack 2. 

[0025]The fuel gas feed unit 11 supplies fuel gas to the fuel gas humidifier 12. Hydrogen and methane 
are illustrated as fuel gas. When supplying methane, a reformer is formed in the fuel gas supply pipe 
13. The pressure regulating valve 15 adjusts a pressure of fuel gas which passes the fuel gas charging 
line 13. The fuel gas humidifier 12 humidifies fuel gas, and supplies it to the stack 2. The fuel gas 



blower 15 is ordinary pressure, or fuel gas is pressurized and it supplies it to the stack 2. 
[0026]The stack 2 generates electricity by making the oxidant gas and fuel gas which were supplied 
react electrochemically. The stack 2 has the structure where solid polyelectrolyte membrane was 
pinched by two catalyzer electrodes. As a catalyzer electrode, platinum and a platinum system 
catalyst are used, for example. Fuel gas is supplied to one side of the catalyzer electrodes, and 
oxidant gas is supplied to another side. The catalyzer electrode in which fuel gas is supplied 
generates a hydrogen ion from fuel gas. A hydrogen ion is conveyed to the catalyzer electrode in 
which oxidant gas is supplied via solid polyelectrolyte membrane. In the catalyzer electrode to which 
oxidant gas is supplied, a hydrogen ion and oxidant gas carry out a chemical reaction, and water is 
generated. In the process which such a chemical reaction generates, electromotive force occurs 
between two catalyzer electrodes, and it is taken out as electric power. 

[0027]The stack 2 discharges the oxidant gas of the emainder which is not used for power generation 
to the oxidant gas exhaust pipe 10. The oxidant gas exhaust pipe 10 returns the discharged oxidant 
gas to the oxidant gas humidifier 5. The oxidant gas humidifier 5 supplies the returned oxidant gas to 
the stack 2 again. 

[0028]Furthermore, the stack 2 discharges the fuel gas of the emainder which is not used for power 
generation to the fuel gas exhaust pipe 17. The fuel gas exhaust pipe 17 returns the discharged fuel 
gas to the fuel gas humidifier 12. The fuel gas humidifier 12 supplies the returned fuel gas to the 
stack 2 again. The fuel gas humidifier 12 supplies cooling water to the circulating water pump 31. The 
circulating water pump 31 is ordinary pressure, or pressurizes the supplied cooling water, and sends it 
to the condensator 21. The condensator 21 cools cooling water. 

[0029]The cooling water supply pipe 26 sends cooling water cooled by the condensator 21 to the ion- 
exchange resin tub 23 and the bypass line 32. The conductivity meter 22 measures electrical 
conductivity of cooling water which flows through the cooling water supply pipe 26. The control 
section 35 adjusts opening and closing of the control valve 33 based on the electrical conductivity. 
That is, the control section 35 closes the control valve 33, when electrical conductivity of cooling 
water is large, when electrical conductivity of cooling water is small, it opens the control valve 33, 
and it adjusts a ratio of a flow of cooling water which flows into the ion-exchange resin tub 23 and 
the bypass line 32. When electrical conductivity of cooling water is large, corrosion occurs in metal 
parts used for a channel of cooling water. Such regulation reduces electrical conductivity of cooling 
water, prevents corrosion of metal parts of a channel of cooling water, and does so an effect which 
prolongs the fuel cell system 1 life. Cooling water does so an effect which prolongs life of ion- 
exchange resin's which constitutes the ion-exchange resin tub 23 in order not to always pass the 
ion-exchange resin tub 23. Cooling water which passed the ion-exchange resin tub 23 and the bypass 
line 32 is supplied to the stack 2. 

[0030]When the stack 2 generates electricity, and oxidant gas and fuel gas carry out a chemical 
reaction, it generates heat. Generated heat is told to cooling water supplied to the stack 2, and the 
stack 2 is cooled. Warm water is generated by telling heat to cooling water. The warm water is 
supplied to the fuel gas humidifier 12 via the cooling water discharge pipe 34. 

[0031]The fuel cell system by this invention can prevent corrosion of a channel of cooling water, and 
can make the whole fuel cell system and a stack prolongation-of-life-ize. Ion-exchange resin can be 
made to prolongation-of-life-ize. 
[0032] 

[Effect of the Invention]According to the fuel cell system by this invention, the corrosion of the 
channel of cooling water can be prevented. As a result, the whole fuel cell system and a stack can be 
made to prolongation-of-life-ize. 
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(2 3) *atix5?frSP7K^8ftStt. t^fi*S^.iro 
ftt J: 9 ±$ \t*& 2 coffl[Tfc5 i £ > h 

(2 3) S:flE^5^*P7K^8ttSJ: 9*:#v\ -f^-vjfe* 

3-^5/ b (2 3) H ftSP7k^®#LTV^>f ^>-£:i& 

M*^[»lh-r5o PSn# (3 3) (1 ^^-^^5fe^.^^ 
h (2 3) *r*B»KIM^***v^i:K:J: 9, -f^^ 
iasyh (2 3) SrJS^tS**. 

[0016] ^^^/^ (2) ^e>#ffisns»*P*n 

fiUTBS^^y^ (2) icet*&snSo *ISWl-«t 
5«5¥H»^7A (1) tt, 
ilfflSix«^fc*s#*LV\ 

[0017] ^m^v/^^A (1) n -f^^ift*^ 

(2 3) i:^iJtr^$ttTV^^^>f /^^^^ V 
(3 2) St3E»^«LTV^5o (3 3) tt, -r^d- 

y^i^yh (2 3) t/M/^7-^v (3 2) ^S: 
8f£Jx5ft*P*coaE*<D]t*S:Pfii5i-5o (2) 

^tt»**L5ftS7KJl xf^-vf^*^^^h (2 3) ^ 

(3 2) SriliSi"5^*n7KS:^TV^5o 
fii5^±9, ^iP7X(i. (2) iw— £fi^et«&$ 

ftSlt^-Ctio *9v9 (2) fl 
TL*V>t#. ««S:f?ih-t-5wi:* s flF*LV\ 
[0 0 18]*^CJ:§»l^rA (1) II 

(2) ^b»asn5Jft*P*S:*JfflLT^^y 
>7 (2) ^W*S*lx5«S**^^S:*nS-r5*DS« (1 
2) AD®« (1 2) *s#Hii-5*S:*aiLT*SP7K 

Sr^*-T5?&ai« (2 1) tSr3E^A«LTt^5 0 
BHJ:5«R«»^fA (1) H 

<0*n«KfiJJB$*u Ana* (12) *s«UJ-r5*S:?&*P 



[0 0 19] *^(:J:5MtI^f^ (D te, 

^TK^m^ews^na-t-^^m^tf (22) ^ 

nykfrmZZfrh** y9 (2) ££JMfLTi^ 0 ^ 

[0 0 2 0] 

2 N mitmtf^^t3~i , mntfx^%t3-2&£ij 
bwbb 4 kmtm#x3Bm»5 1 itm?tx 

* 2 «s^^#iatf 1 o &frvxmkmtf*Mm$& 

[00 2 1] *R!p|-^^«E3 - 2 »4#^#^ge 

1 l t«a»^iP««l 2£«:fli;tT^So 
SSI 2K:«BRS*lTl^4. «m#**Da»l 2tt. j& 

So 1 3 m^fgffi#i s^s 

Rtt^tLTl^o 4^J*4"^tt. 30 

[0 0 2 2] ftSlzMItt 3 - 3 tt % SbU:. ^»^2 
1. ^e^ff2 2, -f*^*WJBMf 2 3S:itT^ 
5 0 *BtfSMf 1 2 14, 2 5^LT 

^iHS2 1 tr«jggStbTv^o #*PS2 1 #£P7Kt& 

5 Q >f *^**«IIBW2 3tt, ?&^*tlfc£*2 7 

T** 2KSM**ttTV^5 0 J£iP*flfc*&* 2 5 40 

f^f 2 6£>i&4^J3\ *e*f|-2 2*SRJt&nTV^ 0 

fte*£*:sij£i-5« ^*ptk 2 e t ^m^mmm 

«2 3 afeW^SBBlE S tb-C V ^ S 0 V3 2(7? 

j^Cfl, W«S#3 3^Kfttn-CV^5 P 7^5 2 
tt, ft^ktfefcBff 3 4 &^LT«»#**Pa» 1 2 tcjg 
i$iiTt^, 50 
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[00 2 3] Wlft^fAlU SbK, IHflAS 
S^Hf^TV^ *fi*tl-2 2«, fMW«3 5fc*tt£ 
*U $J»gB3 5tt\ 3Bffi#3 3Kga*£ft-CV^5 0 Mfll 

sb 3 51*. ^^t-^—fxhv. aiew 2 2 j: 9 aa 
3tsnfc««te»«*-a^^-cw«#3 3^^pas:pfp 

[0 0 2 4] EAT, ^WI-iSMM^Wfi^^-^lw 

^^!£X\ fc5l*tt*PEELT;**y^2fc#fe*e^5 0 
[ 0 0 2 5 ] j^#>«^Eg 1 1 tt, «MStfr**Pa« 
1 2fc, J(B»jlf^Sr««frf5 0 M^iLttt, * 

WILT, *#y? 2^#fe*&-rs o M^^p7 15 
tt, J»fi.^Sr«ffiT?, *>5V^»apffibX^^!/^ 2^ 

[0 0 2 6] ^^y^2tt, «*&SixfcBfefl^fd^i:«S 

[0 0 2 7] *9y?2\Z. ?S«tflJffl Six4V^»jfe<D 
[0 0 2 8] 2\±, 36«tC?lJfflSn*V^ 

sr«»^^#tH* 1 7K#ai-s. ukr 
^^2 imi£5 0 ^in^2 ki ^iPTK^ftiPi- 

5o 



7 

[0 0 2 9] »*P*^t*&l ; 2 6tt, ^*P^2 1 lw«fc9ift 

1/32 1 \zmz 0 ^mmn 2 2 #as*#t*&» 2 6 & 

v^£IBffi#3 3SrBfl£, ^ty^i«*2 3^/W 
/^5>fy3 2 fc^flEtt5?&»*oSlt*©itSrPI«i+ 

w£JMBi&<0JB**B&.i1:U ^*4®?lir>:*^ 1 

«F2 3Sr»«Fiiiau*v^fc«>, -< *^SE*»«Mt 2 3 «: 

^SS*WIIBW 2 3*5±W^>f/<^9>f ^3 2£ri!i!bfc 

[0 0 3 0] ^#y^2tt, BMbffll#*£ 
*R»^f^i:Mt^RlS1-5ri:^J:9, ^Sr^*i-5 0 20 

tt, ^^y^2«?&sis*L5. *si*fcjKi^ex.bn5 

tBW 3 4§r^LT, ^f4#*;fo3®3il 2tr#t^$H5 0 
[0 0 3 1 ] *^Hi6Mii^^rAi^ ^*P7X 

[00 3 2] 
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